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%DFNFRURQDDQGGXVWUHVLVWLYLW\DUHZHOONQRZQWRSLFV
LQHOHFWURVWDWLFSUHFLSLWDWLRQ%DFNFRURQDUHVXOWVIURP
KLJKGXVWUHVLVWLYLW\DQGRFFXUVZKHQWKHILHOGVWUHQJWK
LQWKHGXVW OD\HUVXUSDVVHVDFULWLFDOYDOXH(FULWZKLFK
LVW\SLFDOO\IRXQGWREHLQWKHRUGHURIWRN9FP
>@
 %HVLGHVWKHUHVLVWLYLW\ρ WKHFXUUHQWGHQVLW\LV WKH
PDLQ SDUDPHWHU $FFRUGLQJ WR FXUUHQW XQGHUVWDQGLQJ
WKH ILHOG ( LQVLGH WKH GXVW FDNH LV FDOFXODWHG XVLQJ
2KPVODZ(Lsρ(FULW+HQFHSRVVLEOHDFWLRQV
DJDLQVWEDFNFRURQDLQFOXGHDUHGXFWLRQRI WKHVSHFLILF
UHVLVWLYLW\ρE\GXVWFRQGLWLRQLQJRUDUHGXFWLRQRIWKH
FXUUHQWGHQVLW\LIRUH[DPSOHE\SXOVHGFRURQDRSHUD
WLRQ0XFKZRUNKDVEHHQGHYRWHGWRVWXG\WKHGHSHQ
GHQFHRIρRQGXVWFRPSRVLWLRQ WHPSHUDWXUHKXPLG
LW\ DGVRUSWLRQ OD\HUV DQG GXVW OD\HU SRURVLW\ DQG D
YDULHW\ RI GLIIHUHQW VHWXSV IRU GXVW UHVLVWLYLW\ PHDV
XUHPHQWV KDV EHHQ SURSRVHG (YHQ WKRXJK VRPH
DXWKRUVUHSRUWDGHSHQGHQFHRIρRQFXUUHQWGHQVLW\RU
ILHOG VWUHQJWK >@ GXVW UHVLVWLYLW\ LVPRVWO\ VHHQ DV D
PDWHULDOSURSHUW\
 ,Q FRQWUDVW WKH OLWHUDWXUHSURYLGHV FOHDU KLQWV WKDW
WKHRFFXUUHQFHRI WKHEDFNFRURQDREYLRXVO\GHSHQGV
RQ WKH WKLFNQHVV RI WKH GXVW OD\HU RQ WKH FROOHFWLQJ
HOHFWURGH >  @ )RU WKLFNHU GXVW OD\HUV WKH EDFN
FRURQD LV REVHUYHG PXFK HDUOLHU WKDW LV DW ORZHU
FXUUHQW GHQVLWLHV :KLWH >@ VWDWHV WKDW WKH FULWLFDO
FXUUHQW GHQVLW\ IRU WKH RQVHW RI EDFN FRURQD LV
VLJQLILFDQWO\ KLJKHU IRU SRVLWLYH FRURQD FRPSDUHG WR
QHJDWLYH FRURQD &OHDUO\ DOO WKHVH HIIHFWV LQ FRQIOLFW
ZLWKWKHVWDWHPHQWVRI(TDQGZLWKWKHFRQFHSWRI
WKH ³FULWLFDO ILHOG´ DQG WKH\ DUH QRW FRPSDWLEOH ZLWK
WKHDVVXPSWLRQRIRKPLFGXVWUHVLVWLYLW\
 7KHUHIRUH DQG IRUDEHWWHU XQGHUVWDQGLQJRI HOHFWULF
FRQGXFWLRQ WKURXJK GXVW OD\HUV DQG RI EDFN FRURQD LQ
HOHFWURVWDWLF SUHFLSLWDWLRQ WKH DXWKRUV KDYH VWXGLHG WKH
PHFKDQLVPVRIFXUUHQWWUDQVSRUWWKURXJKKLJKO\UHVLVWLYH
GXVW OD\HUV LQ GHWDLO 7KH UHVXOW LV WKDW KLJKO\ UHVLVWLYH
GXVWOD\HUVPXVWEHVHHQDVGLHOHFWULFVRUHOHFWUHWPHGLD
ZKLFKZLOOEHGLVFXVVHGLQWKHIROORZLQJ
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(OHFWUHWV>@DUHGLHOHFWULFPDWHULDOVZKLFKDUHDEOHWR
SURGXFH H[WHUQDO HOHFWURVWDWLF ILHOGV HLWKHU GXH WR
HOHFWULFFKDUJHVZKLFKDUHFDXJKW LQVLGH WKHPDWHULDO
RUGXHWRHOHFWULFGLSROHVZKLFKDUHIUR]HQLQDFHUWDLQ
RULHQWDWLRQ $V WKHVH PDWHULDOV GR QRW FRQWDLQ DQ\
PRELOH FRQGXFWLRQ EDQG FKDUJH FDUULHUV HOHFWULF
FRQGXFWLRQWKURXJKHOHFWUHWVLVJHQHUDOO\FRQQHFWHGWR
WKHLQMHFWLRQRIQHJDWLYHHOHFWURQVRUSRVLWLYHKROHV
FKDUJHFDUULHUV,QYHUVHO\WKHGHWHFWLRQRIVXFKFKDUJH
FDUULHUV RU H[FHVV FKDUJHV JLYHV SURRI RI HOHFWUHW
EHKDYLRU
 7KHRYHUDOO FRQFHQWUDWLRQRI FKDUJH FDUULHUV LQ DQ
HOHFWUHWOD\HULVJHQHUDOO\OLPLWHGWRDPD[LPXPZKLFK
LVGHULYHGIURP0D[ZHOO¶VILUVWHTXDWLRQDQGLVNQRZQ
DV WKH VSDFH FKDUJH OLPLW %XW D ORZHU OLPLWDWLRQ LV
SRVVLEOH IRU H[DPSOH GXH WR WKH NLQHWLFV RI FKDUJH
FDUULHULQMHFWLRQ
 ,QMHFWLRQ RI FKDUJH FDUULHUV IURP DQ HOHFWURGH UH
TXLUHV DQ DFWLYDWLRQ HQHUJ\ ZKLFK LV W\SLFDOO\ LQ WKH
UDQJH IURP  WR H9 GHSHQGLQJ RQ WKH PDWHULDOV
ZKLFKPDNH WKHFRQWDFW WR WKHHOHFWUHW OD\HUZKLFK LV
XQGHU LQYHVWLJDWLRQ $V WKH ZRUN RI LQMHFWLRQ φL LV
TXLWH KLJK FRPSDUHG WR WKH WKHUPDO HQHUJ\ N7 RI WKH
FKDUJHFDUULHUVN7H9#.WKHSURFHVV
RI FKDUJH LQMHFWLRQ LV OLPLWHG GHSHQGLQJ RQ WKH
WHPSHUDWXUHRURQWKHORFDOILHOGVWUHQJWK7KLVSURFHVV
LVNQRZQDV³WKHUPLRQLFILHOGHPLVVLRQ´RU³6FKRWWN\
HPLVVLRQ´ )XUWKHU φL JHQHUDOO\ LV GLIIHUUHQW IRU
HOHFWURQV DQ KROHV ,Q FRPELQDWLRQ ZLWK D QRQ
V\PPHWULF FRQWDFW VLWXDWLRQ DW WKH HOHFWUHW WKLV SUR
GXFHVDSRODULW\GHSHQGHQWFRQGXFWLYLW\$OVRDQRQ
V\PPHWULF FRQWDFW VLWXDWLRQ IDYRUV WKH DFFXPXODWLRQ
RIDXQLSRODUH[FHVVFKDUJHLQWKHHOHFWUHW
 ,QMHFWHGFKDUJHFDUULHUVPRYH WKURXJK WKHHOHFWUHW
OD\HU IURPERWK VLGHV WRZDUGV WKHRSSRVLWH HOHFWURGH
:KHQIUHHHOHFWURQVDQGKROHVPHHWWKH\GLVDSSHDUE\
UHFRPELQDWLRQ
)XUWKHU ERWK HOHFWURQV DQG KROHV FDQ ORVH WKHLU
PRELOLW\E\WUDSSLQJ'HWUDSSLQJWKHUHYHUVHSURFHVV
LVSRVVLEOHE\WKHUPDOHQHUJ\DQGWKH3RROH)UHQNHO
HIIHFW GHVFULEHV KRZ WKH HIIHFWLYH DFWLYDWLRQ HQHUJ\
IRUGHWUDSSLQJLVORZHUHGE\VWURQJILHOGV7UDSSLQJLV
YHU\LPSRUWDQW,QFRPELQDWLRQZLWKWKHVSDFHFKDUJH
OLPLWHGFKDUJHFDUULHUFRQFHQWUDWLRQWUDSSLQJOHDGVWRD
VWURQJ UHGXFWLRQRIPRELOH FKDUJH FDUULHUVZLWK WLPH
DQGWRDVWURQJGHSHQGHQFHRIUHVLVWLYLW\RQWLPH
6RPHLPSRUWDQWSURSHUWLHVRIHOHFWUHWOD\HUVFDQEH
XQGHUVWRRG IURP D VLPSOH PRGHO MXVW FRQVLGHULQJ
VSDFH FKDUJH OLPLWHG FXUUHQW >@ 7KH PRGHO DV
VXPHVWKDWRQO\PRELOHXQLSRODUFKDUJHFDUULHUVH[LVW
$FFRUGLQJO\ WKH YROWDJH GURSΔ8 DFURVV WKH HOHFWUHW
OD\HU LV OLQNHG WR WKH DYHUDJH VSDFH FKDUJH GHQVLW\
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7KLV UHVXOW LQGLFDWHV WKDW GXVW OD\HU UHVLVWLYLW\ ρHO
VKRXOGLQFUHDVHZLWKOD\HUWKLFNQHVVDQGGHFUHDVHZLWK
FXUUHQWGHQVLW\

'XVWOD\HUVLQDQ(63
)RU D GXVW OD\HU LQ DQ (63 H[SRVHG WR D FRURQD
GLVFKDUJH WKH LQMHFWLRQ VLWXDWLRQ LV KLJKO\ QRQV\P
PHWULF DV WKH LQMHFWLRQ HQHUJ\ φL IRU FKDUJH FDUULHUV
IURPDFRURQDGLVFKDUJHDSSHDUVWREHQHDUWR]HUR$V
D FRQVHTXHQFH GXVW OD\HUV H[SRVHG WR D FRURQD
GLVFKDUJHJHQHUDOO\VKRZDVWURQJH[FHVVFKDUJHZLWK
DSRODULW\HTXDOWRWKHSRODULW\RIWKHFRURQD

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)LJXUH6SDFHFKDUJHGHQVLW\PHDVXUHG)DUDGD\
FXSPHWKRGRQOD\HUVRI$FU\ODWSRZGHUVDIWHU
H[SRVLWLRQWRSRVLWLYHFRURQDΔ8LVWKHGLIIHUHQFH
WRFRURQDRQVHWYROWDJH

$V DQ H[DPSOH ZH VKRZ WKH FKDUJH GHQVLW\
PHDVXUHG RQ OD\HUV RI $FU\ODW D SRO\PHU SRZGHU
ZLWK GLIIHUHQW OD\HU WKLFNQHVVHV DIWHU H[SRVLWLRQ WR
FRURQDGLVFKDUJHVZLWKGLIIHUHQWYROWDJHV
0HDVXUHPHQWVRIGXVWUHVLVWLYLW\
)RU WKH PHDVXUHPHQW RI GXVW UHVLVWLYLW\ PDLQO\ WZR
W\SHVRIDUUDQJHPHQWDUHXVHG ,Q WKHFRURQDVDPSOH
HOHFWURGH&6(DUUDQJHPHQW)LJDWKHGXVWOD\HULV
LQ FRQWDFW ZLWK DQ HOHFWURGH RQ RQH VLGH ZKLOH WKH
RWKHU VLGH LV H[SRVHG WR WKH FRURQD GLVFKDUJH 7KLV
JLYHV D SUHWW\ JRRG LPLWDWLRQ RI WKH VLWXDWLRQ RI WKH
GXVWLQDUHDO(631HYHUWKHOHVVSUREDEO\PRVWRIWKH
PHDVXUHPHQWV DUH PDGH ZLWK DQ HOHFWURGHVDPSOH
HOHFWURGH (6( DUUDQJHPHQW )LJE DV KDQGOLQJ
DQGHYDOXDWLRQDUHPRUHVLPSOH


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)LJXUH&RQILJXUDWLRQVIRUWKHPHDVXUHPHQWRIGXVW
UHVLVWLYLW\&RURQD6DPSOH(OHFWURGH&6(DERYH
(OHFWURGH6DPSOH(OHFWURGH(6(EHORZ

 $JHQHUDOSUREOHPZLWKDOOPHDVXUHPHQWVRIGXVW
UHVLVWLYLW\DUHWKHWLPHHIIHFWVRULJLQDWLQJPDLQO\IURP
WKH LPPRELOL]DWLRQRIFKDUJHV LQVLGH WKHKLJKO\UHVLV
WLYH PDWHULDO 1RW VXUSULVLQJ WKHVH WLPH HIIHFWV DUH
HVSHFLDOO\ SURQRXQFHG LQ WKH UDQJH RI KLJKHU UHVLV
WLYLWLHV $GGLWLRQDO WLPH HIIHFWV PD\ RULJLQDWH IURP
FKHPLFDO UHDFWLRQV LQ JDV GLVFKDUJHV QDPHO\ WKH
IRUPDWLRQ RI 12[ ZKLFK LV DGVRUEHG WR WKH VXUIDFHV
DQGFDQOHDGWRDGHFUHDVHRIUHVLVWLYLW\ZKHQVHYHUDO
PHDVXUHPHQWV DUH PDGH RQ WKH VDPH VDPSOH FRQ
VHFXWLYHO\
 $Q H[DPSOH RI WLPH HIIHFWV LV JLYHQ LQ )LJ
VKRZLQJWKHFXUUHQWGHQVLW\PHDVXUHGRQVDPSOHVRI
$FU\ODWZLWKGLIIHUHQWFRPELQDWLRQVRIYROWDJHGLIIHU
UHQFHDQGOD\HUWKLFNQHVV2EYLRXVO\UHVLVWLYLW\FKDQ
,&(63:URFáDZ3RODQG±6HSWHPEHU
JHVE\VHYHUDORUGHUVRIPDJQLWXGHGXHWRFKDUJHFDU
ULHU LPPRELOL]DWLRQ DQG WKLV SURFHVV FRQWLQXHV ZHOO
EH\RQGWKHVFRYHUHGE\WKLVPHDVXUHPHQW,W LV
DOVRHYLGHQWWKDWWKHWLPHHIIHFWLVPRUHSURQRXQFHGLQ
WKHFDVHRIORZILHOGVWUHQJWK:LWKKLJKILHOGVWUHQJWK
WKH 3RROH)UHQNHO(IIHFW >@ UHGXFHV WKH GHWUDSSLQJ
HQHUJ\ DQG WKH HTXLOLEULXP EHWZHHQ PRELOH DQG
WUDSSHG FKDUJH FDUULHUV LV VKLIWHG PRUH WRZDUGV WKH
PRELOHRQHV
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)LJXUH7LPHGHSHQGHQWFXUUHQWGHQVLWLHVPHDVXUHG
RQVDPSOHVRI$FU\ODWYDULRXVOD\HUWKLFNQHVVHVDQG
YROWDJHV(6(DUDQJHPHQW

 7LPHHIIHFWV VXSHULPSRVHRQ DOOPHDVXUHPHQWVRI
GXVWUHVLVWLYLW\+HQFHDVWULFWWLPHVFKHGXOHKDVWREH
NHSWLQRUGHUWRREWDLQUHSURGXFLEOHUHVXOWV:KHQVH
YHUDOPHDVXUHPHQWSRLQWVDUHWDNHQIURPRQHVDPSOH
IRU H[DPSOH ZKHQ YDU\LQJ FXUUHQW GHQVLW\ WKH VH
TXHQFHRIDQGWKHWLPHLQWHUYDOEHWZHHQWKHPHDVXUH
PHQW SRLQWV KDV WR EH FRQVLGHUHG IRU D EHWWHU XQGHU
VWDQGLQJ
 )LJVKRZVUHVLVWLYLW\PHDVXUHPHQWVH[HFXWHGRQ
D %RHKPLWH SRZGHU 385$/ 1) XVLQJ WKH &6(
DUUDQJHPHQW 7KH FXUUHQW GHQVLW\ ZDV YDULHG E\ LQ
FUHDVLQJ WKH YROWDJH DSSOLHG WR WKH VDPSOHV VWHS E\
VWHS7KHFXUUHQWUHDGLQJVZHUHWDNHQDOZD\VVDI
WHU DSSO\LQJ WKH QHZ YROWDJH 7KH FXUYHV HQG MXVW
EHIRUH WKH HOHFWULFDO EUHDNWKURXJK RFFXUV 7KH LQLWLDO
ULVH RI UHVLVWLYLW\ZLWK LQFUHDVLQJ FXUUHQW GHQVLW\ DQG
WKHPD[LPXPRQWKHUHVLVWLYLW\FXUYHVDUHPDLQO\GXH
WR WLPH HIIHFWV DQG DUH QRW IRXQG ZKHQ WKH FXUUHQW
GHQVLW\LVPHDVXUHGZLWKVWHSZLVHGHFUHDVLQJYROWDJH
%HVLGHV WKDW ZH VHH VWURQJ HIIHFWV IURP OD\HU
WKLFNQHVVDQGFXUUHQWGHQVLW\
 )LJ VKRZV FRUUHVSRQGLQJ PHDVXUHPHQWV WDNHQ
ZLWKWKH(6(DUUDQJHPHQW±DOORWKHUFRQGLWLRQVZHUH
LGHQWLFDO WR WKH PHDVXUHPHQWV VKRZQ LQ )LJ
+RZHYHU WKH UHVXOWV REWDLQHGZLWKERWKPHWKRGV DUH
QRWDWDOOFRPSDUDEOH7KHH[SODQDWLRQLVIRXQGLQWKH
GLIIHUHQWFRQGLWLRQVRIFKDUJHLQMHFWLRQLQWRWKHOD\HU
7KH&6(DUUDQJHPHQWLVQRQV\PPHWULFDQGOHDGVWRD
KLJKXQLSRODUFKDUJLQJZLWKWKHSRODULW\RIWKHFRURQD
,QFRQWUDVWWKH(6(DUUDQJHPHQWLVV\PPHWULF,QFDVH
WKDW WKHZRUNRI LQMHFWLRQ LVFRPSDUDEOH IRUHOHFWURQV
DQGKROHV DV LW VHHPV WREH WKHFDVHKHUH WKHUH LVD
V\PPHWULF ELSRODU FKDUJLQJ IURP ERWK HOHFWURGHV
ZKLOH WKH YROXPHDYHUDJHG QHW VSDFH FKDUJH UHPDLQV
FORVH WR]HUR$V WKHSRWHQWLDOGURSVSURGXFHGE\ WKH
WZRRSSRVLWHO\FKDUJHGVXEOD\HUVFDQFHORXWWRDODUJH
GHJUHH WKH UHVLVWLYLWLHV DUHPXFK ORZHU DQG WKH\ GR
QRWGHSHQGVRPXFKRQWKHOD\HUWKLFNQHVV
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)LJXUH5HVLVWLYLW\PHDVXUHPHQW&6(RQ385$/
1)IRUYDULHGFXUUHQWGHQVLW\DQG
GLIIHUHQWOD\HUWKLFNQHVV

 %RWK (6( DQG &6( UHVXOWV VKRZ SUHWW\ JRRG
DJUHHPHQW WR WKH WKHRUHWLFDO H[SHFWDWLRQ IRU VSDFH
FKDUJHOLPLWHGFXUUHQWDFFRUGLQJWRZKLFKρHOaL±LV
H[SHFWHG

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)LJXUH5HVLVWLYLW\PHDVXUHPHQWRQ385$/1)
&RQGLWLRQVFRUUHVSRQGLQJWRWKHPHDVXUHPHQWVKRZQ
LQ)LJEXW(6(DUUDQJHPHQW

6LPXODWLRQV
)RUDQXPHULFDOVLPXODWLRQRIFKDUJHWUDQVSRUWWKURXJK
KLJKO\ UHVLVWLYH GXVW OD\HUV WKH NLQHWLF HTXDWLRQV IRU
LQMHFWLRQGHWHUPLQLVWLFDQGGLIIXVLYHPRWLRQWUDSSLQJ
GHWUDSSLQJDQGUHFRPELQDWLRQRIFKDUJHFDUULHUVZHUH
HVWDEOLVKHGLQDQDORJ\WRSUHYLRXVDSSURDFKHV>@
7RJHWKHUZLWK0D[ZHOO¶VVWHTXDWLRQWKHVHHTXDWLRQV
ZHUH LQWURGXFHG LQWR WKH &)' VRIWZDUH SDFNDJH
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level of electrostatic charging afterwards. Typically, a 
bipolar charging of the dust layers occurs.  
 Crater formation, as it is typical for back corona, 
can be explained from an instability of the dust layer 
arising from the bipolar space charge within the 
layers.  
 In view of technical applications, the common 
procedures of dust resistivity measurement have to be 
reviewed critically. The huge difference between re-
sults obtained with corona-sample-electrode arrange-
ments and with electrode-sample-electrode arrange-
ments, resp., shows that the measurement setup has to 
be adapted closely to the real situation. The same 
holds true for the effects of measurement time and 
current density.  
 Altogether, the results show that the so-called 
“dust resistivity” is not a material specific property 
and therefore not suitable to characterize the electrical 
properties of dust layers sufficiently. Besides the 
widely discussed influences from the state of the dust 
layer (depending on temperature, humidity, adsorption 
layers, particle size distribution, porosity and gas 
pressure), the resistivity depends significantly and 
specifically on the experimental arrangement (ESE or 
CSE), on the layer thickness and on the current 
density. Significant time effects and memory or 
hysteresis effects have to be considered in all meas-
urements on highly resistive dusts. 
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